Background-Depression increases the risk of a range of adverse outcomes including suicide, premature mortality, and self-harm, but associations with violent crime remain uncertain. We aimed to determine the risks of violent crime in patients with depression and to investigate the association between depressive symptoms and violent crime in a cohort of twins.
Introduction
Depression is associated with increased risk of a wide range of adverse outcomes, including reduced life expectancy, 1 suicide, 2 self-harm, 3 acute myocardial infarction, 4 and a worse prognosis for comorbidities, such as heart disease and diabetes. 5, 6 Clinical experience and expert opinion 7 also suggest an association with the risk of perpetrating violence, including homicide in male perpetrators. 8 Consistent with this, community surveys in the UK, 9 register-based investigations in Australia, 10 and cohort studies in the USA 11 and New Zealand 12 report a link with violent outcomes. However, this finding is not consistent and no association was identified in a recent US longitudinal study with lifetime 13 or past year 14 diagnoses. Moreover, in studies showing associations, they have been largely confounded by comorbid alcohol or drug use 13 or sociodemographic factors, 15 or primarily noted in individuals with psychotic depression. 16 The probable reason for these inconsistencies could be that many influential studies have included large proportions of inpatients, where the actual reason for admission might have been risk of violence to others, suicidality, psychosis, or comorbid substance abuse. Because these are strong risk factors for violence, 17 they will amplify and perhaps explain any effects. Some studies have tried to control for these confounders, but none to our knowledge have also adjusted for familial effects. Familial effects could be a further explanation for the reported association with depression and could arise from common genetic predisposition or shared early environmental adversity. Mediation of mechanisms such as impulsivity and mood instability could be important as common causes of both depression and violence. 18 To clarify these uncertainties, we conducted two complementary studies that benefit from use of databases available for research in Sweden. In the first, we longitudinally followed up patients with an index diagnosis of depression to determine risks of violent crime; only outpatients were included to avoid the probable biases associated with inpatient samples. Risks of violent crime were also investigated in non-depressed siblings to determine the extent of familial confounding, and a comparison was made with risks from suicide mortality. In the second study, we investigated the association between depressive symptoms and violent crime in a cohort of twins. These studies accordingly control for the major confounds we identify in the existing literature. Because clinical guidelines are inconsistent about assessment and management of violence risk in major depression, and lack information about risk factors, 19, 20 by contrast to self-harm and suicide for which risk assessment is clearly highlighted in guidelines [19] [20] [21] and expert opinion, 22 we investigated such rates in the same cohort to compare risks across outcomes where clinical guidelines provide differing recommendations.
Methods

Study design and participants
In this total population study, we linked several longitudinal, nationwide Swedish Patient Register: the National Patient, the Multi-Generation, the National Cause-of-Death, the Swedish Twin, and the National Crime Registers. The Multi-Generation Register connects every person born in Sweden in or after 1933 and ever registered as living in Sweden after 1960 to their parents. 23 Similar information exists for those immigrants who became citizens of Sweden before age 18 years, together with one or both parents. Linkage of registers is possible because all residents including immigrants have a unique ten-digit personal identification number that is used in all national registers. We selected a cohort of individuals born between Jan 1, 1958, and Dec 31, 1994, who were followed from Jan 1, 2001 , to the end of follow-up on Dec 31, 2009 . National outpatient coverage in the Patient Register started on Jan 1, 2001, which was the reason that we started our follow-up at that time.
Using the Multi-Generation Register, we also identified patients with depression who had siblings and half-siblings without depression during the same period.
Using the Swedish Twin Register, we identified young adult to middle-aged (aged 18-47 years) twins born between Jan 1, 1959, and Dec 31, 1986 , who had participated in the Study of Twin Adults: Genes and Environment (STAGE) 24 or the Swedish Twin study of CHild and Adolescent Development (TCHAD). 25 In total, 23 020 individuals from 15 298 twin pairs (5574 monozygotic and 9724 dizygotic pairs) were included in our study. We determined zygosity with DNA testing or validated zygosity questionnaires.
Cases with depression were identified from the National Patient Register as having at least two outpatient episodes between Jan 1, 2001, and Dec 31, 2009, according to International Classification of Diseases [ICD]-10 (codes F32-F33·9). 26 We excluded individuals with inpatient episodes of depression to avoid reverse causality (because violence and aggression might precipitate admission), and those with inpatient or outpatient diagnoses of schizophrenia, schizophrenia-spectrum, and bipolar disorder between Jan 1, 1969, and Dec 31, 2009. In the twin study, we measured depressive symptoms with a short form of the Center for Epidemiologic Studies Depression (sCESD) scale. 27 The sCESD scale included 11 items, and every item was rated on a 4-point scale (0=not at all or almost not at all; 1=rather rarely; 2=quite often; 3=all the time or almost all the time). A sum score was created based on the 11 items, with good reliability (Cronbach's α=0·86). 21 451 (93·2%) of the twins answered the questionnaires in 2005 (22 in 2004 and 1547 in 2006) , and they were all followed for any outcome through linkage to the Crime Register.
The Regional Ethics Committee at the Karolinska Institutet approved the study (2009/939-31/5). Data were merged and anonymised by an independent government agency (Statistics Sweden), and the code linking the personal identification numbers to the new case numbers was destroyed after merging, so informed consent was not required.
Diagnostic validity
Data from the Swedish Patient Register diagnoses have good to excellent validity for a range of conditions, including bipolar disorder 28 and schizophrenia. 29 Overall, the positive predictive value of the inpatient register, in a recent review, was identified to be 85-95% for most diagnoses. 30 For the purpose of this study, we examined the validity of diagnoses of depression in a separate sample of patients with depression, by comparing concordance rates between patient register diagnoses (as we have used) and another clinical register that provided standardised consensus diagnoses involving comprehensive court-ordered multidisciplinary evaluations during 4 weeks in inpatient settings 31 -these acted as a gold standard. In this sample of 3059 patients assessed between 1996 and 2001, we noted fair to moderate agreement (κ of 0·32; 88% full agreement).
The mean sCESD depression score of twins who had a lifetime diagnosis of depression from the National Patient Register (mean score 13·1, 95% CI 12·7-13·6) was substantially higher than that of twins without a diagnosis of depression (7·0, 6·9-7·1).
In terms of reliability, in a previous register-based study, only around 1% (13 669 of 1 421 765) had missing personal identification numbers. 32 
Measures
Data for convictions for violent crime between Jan 1, 1972, and Dec 31, 2009, were retrieved for all individuals in the cohort from the National Crime Register, which includes conviction data for everyone aged 15 years (the age of criminal responsibility) and older. These data were extracted both before (as covariate) and after diagnosis (as outcome) of depression. Conviction of a violent offence was defined as homicide and attempted homicide, aggravated assault (an assault that is life-threatening or leads to severe bodily harm), common assault, robbery, arson, any sexual offence (rape, sexual coercion, child molestation, and sexual harassment [including indecent exposure]), and illegal threats or intimidation. 32 Conviction data were used because the Criminal Code in Sweden determines that individuals are convicted as guilty regardless of mental illness (ie, being judged as not guilty by reason of insanity is not an option). Thus, conviction data included individuals who received custodial or noncustodial sentences and people transferred to forensic psychiatric hospital. Furthermore, conviction data included individuals cautioned or fined (which are more likely to be used in juvenile cases). Additionally, although certain factors might affect sentencing, plea-bargaining at the conviction stage is not part of the Swedish legal system. 33 Therefore, conviction data more accurately reflect the extent of officially resolved criminality in the population. The Crime Register has total national coverage-only 0·05% of all registered convictions had incomplete personal identification numbers during the years 1988-2000. 32 Data for cause of death were retrieved for all individuals who died between Jan 1, 1969, and Dec 31, 2009. The Cause of Death Register is based on death certificates and covers more than 99% of all deaths. 34 Suicides included undetermined deaths (ICD codes Y10-Y34) because their exclusion would underestimate actual rates. 35 Data for self-harm were 
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Sociodemographic and psychiatric covariates
Family disposable income at age 15 years (divided into thirds) was used as a proxy for income, and used as a dichotomous variable (lowest tertile vs top two tertiles). If this was unavailable, family disposable income, at age 16 years was used or until the age when it became available. Single marital status was defined as being unmarried at first diagnosis. Immigrant status was defined as being born outside of Sweden. Imputation or other methods were not used to replace missing family income data (0·7% 
Statistical analysis
For every patient, up to 20 general population control individuals without any diagnosis of depression were matched individually by birth year and sex. We estimated the association with having been diagnosed with depression, as per related work, 36,37 using matched controls, with the clogit command in Stata (version 12.1; StataCorp). The clogit command fits conditional (fixed effects) logistic regression models to matched case-control groups. We included two confounders (low family income and immigrant status) on theoretical grounds, based on related work in severe mental illness, 36, 38 and also tested whether they were each independently associated with either case or control and outcome measures, respectively, in univariate analyses at 5% level of significance. 39 We also conducted stratified subanalyses by sex, previous criminality, self-harm history, and drug and alcohol abuse.
To account for possible familial confounding, we undertook additional analyses with unaffected full siblings and half-siblings of patients as controls. In these analyses, we identified full siblings (n=33 519), paternal half-siblings (n=8734), and maternal halfsiblings (n=6800), and these individuals were each compared with 20 age-matched and sexmatched general population controls with matched conditional logistic regression. Analyses were adjusted for low family income and immigrant status, and odds ratios of violence were reported.
We then compared patient analyses to sibling analyses using ratios of odds ratios. 40 The ratios of odds ratios takes into account the increased risk of violence in unaffected siblings (figure). A ratio of odds ratios of 1·0 would mean that the risk of violence in those with depression (compared with the general population) is the same as the risk in their unaffected siblings (compared with the general population)-ie, the association between depression and violence is fully confounded by environ mental and genetic factors shared by siblings.
We did four sensitivity analyses on the main sample. Europe PMC Funders Author Manuscripts analyses), and compared risk of violent crime with age-matched and sex-matched population controls. Adjustments were made for income and immigrant status.
Second, we excluded patients with depression with comorbid personality disorder. Comorbid personality disorder is common in patients with depression 41 and is associated with violence, 42 and hence excluding it would further test our primary hypothesis. Third, we restricted violent crime to specific outcomes for which interpersonal violence is known to have occurred-homicide, attempted homicide, and all forms of assault (including aggravated and assault of an officer). This restriction meant that we excluded arson, sexual offences, and threats and intimidation. Separately, we also examined rates and odds of violent crime, by type of crime. Finally, we examined odds of violent crime specifically within 3 months, 6 months, and 12 months of the first diagnosis of depression to exclude patients who could have recovered from depression at the time of the outcome.
In relation to the sibling analyses, we excluded older siblings and younger siblings to avoid violence or depression in one group affecting the other, and those siblings with follow-up beginning before 2001 when outpatient data were unavailable.
We did cotwin control analyses to assess whether the observed association between depression and violent crime was due to common genetic or environmental influences. 43 The twins were followed from the time of answering the questionnaire until any violent crime or end of study. 43 First, standard Cox regression models were applied to estimate the association between sCESD score and violent crime, with adjustment for age (at the time of answering the questionnaire) and sex, with robust standard error accounting for twin clustering. Second, stratified Cox regression models were applied to estimate the association between sCESD score and violent crime in monozygotic and dizygotic twin pairs separately.
Role of the funding source
The funders of the study had no role in the study design, data collection, data analysis, data interpretation, or writing of the report. SF had full access to all the data in the study and final responsibility for the decision to submit for publication.
Results
We identified During follow-up, 641 men (3·7%) and 152 (0·5%) women with depression committed a violent crime, compared with 4097 (1·2%) men and 1059 (0·2%) women in age-matched and sex-matched controls.
Those individuals with depression were at 3-fold increased odds of violent crime compared with general population controls (table 2). The odds of violent crime were between 1·1 and 1·7 for both full and half-siblings compared with the general population controls. We noted a trend for higher odds ratios in the full siblings, as would be predicted by a genetic model. By comparing odds ratios in cases and sibling analyses, indirect comparisons can be made of cases compared with siblings (figure). These analyses showed that individuals with depression had two-fold increased odds of violent crime risk compared with their unaffected siblings (table 2) .
The odds of violent crime were similar for men with depression (compared with men without depression) and women with depression (compared with women without depression), and the relative risk increase remained significant when we excluded a history of previous violent and non-violent crimes, self-harm, and substance use disorders in both cases and controls (all p<0·0001; table 2). However, the presence of these pre-existing background factors led to notable changes in absolute risks of violent crime. A previous violent offending history had the largest effect-12·5% (n=291) of men and 3·8% (n=22) of women with this history committed a violent crime after a diagnosis of depression. The rates were further increased by addition of substance misuse and or self-harm (table 3) . Combinations of risk factors increased absolute risk of violent crime to more than 15% in men, although the number of individuals with these combinations of risk factors was low (table 3) .
In those individuals with inpatient diagnoses between 2001 and 2009, the adjusted odds ratio of violent crime was higher at 5·7 (95% CI 5·2-6·2) than those with outpatient diagnoses only (3·0 [2·8-3·3]). In patients with depression, 3813 (8%) had a comorbid personality disorder; excluding those had no demonstrable effect on the adjusted odds ratio (aOR) of violence (aOR 3·1 [95% CI 2·8-3·3] compared with an aOR 3·0 [95% CI 2·8-3·3] in the whole sample)
. No significant differences were noted when outcomes were restricted to specific interpersonal crimes (homicide and attempted homicide, and all forms of assault; aOR 2·9, 95% CI 2·6-3·1 In sensitivity analyses of the sibling sample (appendix pp 2-4), we noted no significant differences after inclusion of only older siblings or only younger siblings, or exclusion of siblings with follow-up before 2001.
During a mean follow-up of 3·2 years, 575 (3·3%) men and 1287 (4·3%) women selfharmed (appendix p 5). These rates are comparable with the rates of violent crime described for men, but are higher for women. Self-harm in individuals with depression was increased compared with the general population (aOR 5·7, 95% CI 5·4-6·0). In the same period, 100 (0·6%) men and 41 (0·1%) women died by suicide (appendix p 5). Death by suicide was increased in patients with depression compared with the general population (aOR 6·7, 95% CI 5·5-8·1) and full siblings (ratio of odds ratio 2·9, 95% CI 2·2-3·8).
In the twin sample (9834 men and 13 186 women), the mean age at questionnaire completion was 32·7 years (SD 8·2) for men and 32·5 years (8·2) for women. The mean sCESD score was 6·9 (SD 5·1) for men and 7·6 (5·9) for women. The mean time of followup was 5·3 years (SD 0·5) for men and 5·4 years (0·3) for women. During follow-up, 73 men (0·7%) and 15 (0·1%) women committed a violent crime, with a mean time-to-event of 1·5 years (SD 1·0) for men and 1·6 years (1·0) for women.
The risk of violent crime significantly increased in those individuals with more depressive symptoms. In analyses of the association between depression and violent crime in co-twin analyses using standard Cox regression, the hazard ratio (HR; 95% CI) for all twins was 1·09 (1·06-1·13). For monozygotic twins, for which we used stratified Cox regression, the HR was 0·98 (0·82-1·18), and for dizygotic twins it was 1·07 (0·91-1·26). Statistical power was limited for further analyses of the twins by zygosity. In a sensitivity analysis of the twin sample, any crime was also significantly associated with increased depressive symptoms (HR 1·07, 95% CI 1·01-1·09).
Discussion
In this population-based study, we investigated absolute and relative risks of violent crime after diagnosis of depression. In 47 158 individuals with depression, we noted three-fold increased odds of violent crime after adjustment for sociodemographic factors; this rate remained significantly elevated when we excluded patients with a previous history of substance abuse, any criminality, or self-harm. The association remained significant after adjustment for familial confounding, although the strength of the association was reduced. In other words, even after adjustment for genetic and early environmental factors, a diagnosis of depression modestly increased the risk of violent crime (panel).
Comparisons of maternal and paternal half-siblings provide some indication whether the familial association is explained primarily by early environmental factors or whether it is genetic. If the risk attenuation had been stronger in the maternal half-siblings, this would suggest early environmental confounding because it is assumed that half-siblings share more environment if they share a mother rather than a father. In fact, the odds of violence were similar in maternal and paternal half-siblings, suggesting that the confounding is mostly genetic. The mediating mechanism translating genetic risk is unknown. One possibility is that comorbid personality disorders could partly explain the relationship. However, exclusion of those individuals with register-based diagnoses of personality disorder did not affect our results. Nevertheless, register diagnoses only capture a selection of individuals with personality problems and more sensitive markers of personality and disease could be more informative. Impulse control and affect regulation might be among the underlying mechanisms, 18 which could explain the increased violence risk in other psychiatric disorders.
An important potential implication of our findings relates to interpretation of safety data for antidepressant medication. Anecdotally, antidepressants have been associated with self-harm and severe violence, which drew great attention in the public and media a decade ago. 44 The reduction of antidepressant prescription to young people that followed failed to reduce rates of self-harm, with recent evidence suggesting that, in the USA, rates of self-harm actually increased. 45 Although our study does not bear directly on the association between antidepressants and violence, it suggests that a diagnosis of depression will confound interpretation of the effects of treatment for depression on violence (and self-harm). Therefore pharmacovigilance data for antidepressants needs to be interpreted with great caution.
Our study benefits from several strengths. First, the use of population registers allowed us to obtain a large sample size. Furthermore, through register linkage we were able to exclude the more severe cases of depression, those with inpatient episodes. In a sensitivity analysis, we identified odds of violent crime that were around double in those with inpatient histories compared with outpatient groups, underscoring our decision to exclude these patients. In terms of generalisability, other work has showed that during 2006-08, 3·6% of depressed patients were admitted to hospital. 46 Using genetically informed designs (half-siblings and siblings), we were able to examine the possibility of genetic and early environmental confounding behind the reported association between depression and violence. We used different methods to assess depression-clinical diagnoses in the population study and a continuous symptom measure in the twin investigation. Additionally, our sensitivity analyses showed similar patterns for violent crimes committed within 3 months, 6 months, and 12 months of diagnoses of depression, and separately for a related outcome-namely, all crimes.
Limitations of our study include restricted statistical power for our twin study to test for genetic confounding. Because we relied on patient registers, we did not have information about individuals with depression who present to primary care alone, and will not enter patient registers. Other Swedish research has showed that 47% of community individuals with Diagnostic and Statistical Manual-IV diagnoses of depression seek medical care. Of those who seek medical services, 26% receive general practitioner care alone, but these individuals have milder symptoms than those accessing psychiatric services. 47 At the same time, focusing on those individuals who present to secondary care is advantageous because longer assessments and interventions can be offered than in primary care. To partly address this limitation, we additionally used twin data because this was a general (non-patient) sample. Another limitation is that we did not account for the effects of treatment because these data are only available from mid-2005, require different designs to examine, 48 and will be investigated separately. A final limitation is that this study was done in one country, which could affect generalisability. However, the prevalence of violent assault in Sweden is similar to that in other high-income countries, 49 and a Swedish study estimated the point prevalence of major depression at 5·2%, 50 compared with 6·7% in the USA, 51 and 6·3% in Australia. 52 It is standard clinical practice that risk assessment in depression considers suicidal outcomes. Do the absolute risks of violence in depression presented here warrant changes to clinical guidelines, which currently make inconsistent recommendations regarding violent outcomes? [19] [20] [21] The absolute risk of violent offending after diagnosis was 3·7% in the men with depression and 0·5% in women. Clinical depression guidelines from the USA state that violence and suicide risk should be monitored, and indicate that history of violence is a risk factor. 19 By contrast, National Institutes for Health and Care Excellence (NICE) guidelines do not discuss risk of violence. 20 The absolute rates of violence we have reported are Europe PMC Funders Author Manuscripts certainly lower than those from similarly designed studies in other mental illnesses. However, we noted in some depressive subgroups (table 3) , such as those with histories of both violent crime and substance abuse or self-harm, rates of violent crime of greater than 15% during the roughly 3 year follow-up. By comparison, absolute rates in men are higher in patients with schizophrenia at around 10% for similar time at risk 53 and 8% in patients with with bipolar disorder. 54 Guidelines are also inconsistent for these disorders. In schizophrenia, all newly diagnosed patients should be risk assessed according to NICE and US guidelines. 55, 56 In bipolar disorder, this is not the recommendation. 38 By contrast, clinical guidelines are consistent about the need for assessment of suicide risk in individuals with depression, schizophrenia, and bipolar disorder. The recent WHO publication on suicide prevention, for example, recommends detailed evaluations of suicide risk in depression. 22 However, in our study, rates of self-harm for men were lower than rates of violent crime, and suicide mortality substantially lower also (appendix p 5). In terms of population effect, the association of violence with depression will be more important than with other diagnoses because depression is a more prevalent condition. Risk assessment remains prone to high false positive rates, 57 and thus the consequences of classification of patients with depression into higher risk groups (by sex and pre-existing risk factors) should mitigate against potential harms. Indeed, those individuals identified as high risk could potentially benefit from psychological interventions as has been shown for suicidality in depression. 58 Trials investigating whether drug or psychosocial interventions reduce violence could be of great interest in high risk samples.
In conclusion, we have shown an association between a diagnosis of depression and violent crime, which is independent of potential confounders and uses two complementary designs. The magnitude of the effects, certainly when compared with those for self-harm in the same population, suggest that assessment of the risk of violence should be considered routinely for some individuals with clinical depression and potentially included more consistently in clinical guidelines.
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